Many articles report the coupled effects of water and nitrogen. Using suitable nitrogen fertilization could reduce the drought stress effect in crops, such as spring barley (Krček et al. 2008 ) and maize (Kirda et al. 2005 , Zand-Parsa et al. 2006 , Sun et al. 2009 ). But most of them used normal urea. The coupled effects of coated urea on changes of soil nitrate nitrogen in different stages and the fate of nitrogen were less reported. Compared with normal urea, coated urea can increase the crop yield, increase the nitrogen use efficiency, and reduce the pollution to field, water and environment (Diez et al. 1996 , Ogola et al. 2002 . And with the increase of product yield, the cost of CU will be decreased, and it will be broadly applied in crops planted (Shao et al. 2008 , Zhang et al. 2001 .
The objective of this paper was to study the effects of urea types and irrigation on soil nitrate content in different stages of maize, and to evaluate their effects on crop absorption, soil residual, and loss of nitrogen in a maize field. Figure 1 . The soil of the study area is classified as Cambisols with thick soil layer. It contained 1.3% organic matter, 0.10% total N and had water pH of 6.7. Alkali-hydrolyzable N, Olsen-P and NH 4 Ac-K in the soil were 89.8, 52.6, and 88.9 mg/kg soil, respectively.
MATERIAL AND METHODS

Experiment site. The experiment was carried out in the Experimental
Experimental design. An experiment, with three replications, was carried out in a split plot design to discuss the effects of urea types (normal urea and coated urea) and irrigation on soil and fertilizer nitrogen use in maize (Zea mays L.) field. Irrigation was used as main plot, and urea types were used as split-plot. Two irrigation levels included no irrigation during the whole growth stages (W0) and irrigation with 85 mm through channels at the blister stage (W1). Between the two irrigation plots, there was a 4-m-wide zone without irrigation to minimize the effects of two adjacent plots. There were five nitrogen treatments, which were no nitrogen used as control (N0), normal urea 75 kg N/ha (N1), normal urea 150 kg N/ha (N2), coated urea 75 kg N/ha (C1) and coated urea 150 kg N/ha (C2), respectively. All urea was applied as base fertilizer when the maize was sown. The coated urea (CU) is urea coated in a plastic membrane, which is designed by the Shandong Agricultural University, and made by the Shandong Kingenta Ecological Engineering Co., Ltd. The nitrogen content of CU is 43.47%. In two years, maize cultivars of Zhengdan 958 was sown in June 12 with a density of 67500 plants/ha, and harvested in Oct 1. The area of individual replication was 60 m 2 .
Soil nitrate nitrogen content and total nitrogen content measurements. A 50 mm diameter auger was used to collect the soil sample. At the maize stages of sowing, 14 th leaf, silking and physiological maturity, three composite soil samples were collected in 10 cm increments in 0-40 cm soil layers and 20 cm increments in 40-140 cm soil layers, respectively. Three replicates of 10 g (fresh weight) portions of soils were extracted with 50 mL 2 mol /L KCl for 30 min to determine the concentrations of mineral N (including NO 3 -and NH 4 + ) using a continuous-flow analyzer (TRAACS 2000, Bran Luebbe, Nordstadt, Germany) . Soil total nitrogen content was analyzed using the Kjeldahl method (AOAC 1990). Aboveground biomass and nitrogen uptake measurements. At the physiological mature stage of maize, two adjacent rows in the middle of each replication were harvested (area = 5 m × 1.2 m). Five plants were selected at random in the harvested plants, and then divided into grains and stover (including stalk, leaves, husks and cob), and weighed separately. The organ samples were put into oven to deactivate enzymes at 105°C for 30 min, and then oven-dried at 80°C for 72 h to determine dry matter yield. Nitrogen content of each sample was analyzed using the Kjeldahl method (AOAC 1990 ). The total biomass was obtained by summing up grains and stover dry matter yields.
Nitrogen use efficiency computing methods. N uptake (N up ) was calculated as shown in Equation 1, and the various components of N recovery efficiency (NRE) and soil N dependent rate (SND) were calculated using Equations 2-3 below (Sigunga et al. 2002) . Where: NCS -nitrogen content (mass fractions) in stover; NCG -nitrogen content in grains; SY -stover dry matter yields; GY -grain dry matter yields; N up f -nitrogen uptake by fertilized; N up 0 -nitrogen uptake by unfertilized crops; FN -the amount of fertilizer N applied.
To evaluate N loss from 0-140 cm soil layers (N lost ), N balance was established from the beginning (maize sowing) to the end (maize harvesting) of the experiment for each plot (Cartagena et al. 1995 , Asadi et al. 2002 . The following equation was used:
Where: N f -the N input from fertilizer; N min -the N input from mineralization of soil organic matter; N initial -the inorganic N initially present in the soil; N final -the inorganic N present in the soil after harvest.
Mineralized N from soil organic matter was estimated from the total N uptake in the N0 plot as follows:
In this experiment, the nitrogen supplied with irrigation is negligible, because of its very low nitrogen content. The other minor components such as biological nitrogen fixation, groundwater contribution, ammonium volatilization and weeds productions were ignored.
Statistical analysis. Data for each independent variable were analyzed separately using the General Linear Models of SPSS package (Ver. 11, SPSS, Chicago, IL, USA). Differences between treatments were considered significant if P ≤ 0.05.
RESULTS AND DISCUSSION
Soil nitrate content at different stages of maize. At the 14 th leaf stage, the soil nitrate content of treatment supplied with nitrogen fertilizer was increased in 0-140 cm soil layer more than the control (N0) in 2006 and 2007 (Figure 2 ). When urea type was the same, the soil nitrate content It is firstly because of the quick growth of maize, which, as a result, increased the nitrogen uptake in superficial soil layers. Secondly, the quantity of nitrate loss with rainwater infiltration was also increased, which increased the nitrate content of deep soil layers. Compared with N0 treatment, the soil nitrate content of the treatment supplied with urea was increased in 0-140 cm soil layer. When the urea type was the same, the soil nitrate content could be increased with the increment of nitrogen fertilizer used. At the same level of nitrogen used, the soil nitrate content of CU was higher in 0-40 cm soil layers, but lower in 60-140 cm soil layers, than those of NU. But the reason was not the same as that at the 14 th leaf stage. This is mainly because the N uptake by maize is increased and the loss of nitrate to deep soil layer was reduced when supplied with CU. The differences of the nitrate content in 60-140 cm were larger than in 2006, because of the greater precipitation rain in 2007.
At the physiological maturity stage, the soil nitrate content in each layer was decreased significantly than those of the early stages both in 2006 and 2007 (Figure 4 ). Without irrigation, the soil nitrate content of CU was lower than NU at the same level of nitrogen used. But with irrigation at the blister stage, the soil nitrate content of C2 in 30-40 cm soil layers were higher than those of N2, which can be used by following crops. When urea type was the same, the soil nitrate content could be increased with the increment of nitrogen fertilizer used. When only normal urea was used, the soil nitrate content could be increased with increased nitrogen supplied (Fang et al. 2006) . The soil nitrate content with irrigation was higher than that without irrigation, and the soil nitrate content of CU was lower than that of NU. Leaching of nitrate may be the main reason of soil nitrate decrease. Compared with NU, CU can increase the yield of maize (Shoji et al. 1991) , which resulted in its 'early-decrease-and-late increase (EDLI)' effect, that is, the growth of CU was lower at the 14 th leaf stage, but significantly higher after the silking stage, than that of NU (Shao et al. 2008 (Shao et al. , 2009 ). The higher nitrate content of 0-40 cm soil layers of CU during the silking stage to the physiological maturity stage, which can be easily absorbed by maize, may be one of the key reasons for the effect of EDLI.
Nitrogen accumulation and use. At the physiological maturity stage, the nitrogen accumulated in grains and stover were both increased with the use of urea, accumulation amounts of nitrogen were C2 > N2 > C1 > N1 > N0 in 2006 and (Table 1 ). And at the same nitrogen level, the nitrogen absorbed by maize using CU was higher than that of NU. Irrigation can increase the nitrogen absorption of maize, and the nitrogen accumulation in grains and stover were increased. Irrigation would do no good to the transportation of nitrogen from vegetative organs to grain, and more nitrogen was retained in vegetative organs (Huang et al. 2006) . But in this experiment, when using CU, more nitrogen is transported from vegetative organs to grain. With or without irrigation, the N recovery efficiency (NRE) of CU was higher than that of NU, both in 2006 and 2007. Without irrigation, at the level of 75 kg N/ha and 150 kg/ha, the NREs of CU were 72.3% and 22.0% higher than NU, respectively. With irrigation, at the level of 75 kg N/ha and 150 kg N/ha, the NREs of CU were 49.8% and 35.7% higher than NU, respectively. The NREs of CU and NU with irrigation were on average by 4.9% and 3.0% lower than those treatments without irrigation. Similar finding was reported by Sigunga et al. (2002) , where the NRE could be decreased when undrained after rain in sub-humid environments. So, the NRE of fertilizer was affected by soil water condition and water management.
The soil N dependent rates (SNDs) were N1 > C1 > N2 > C2. SNDs of CU were lower than those of NU, no matter with or without irrigation. Since the release of CU was controlled, more of it is retained in 0-40 cm soil layer, which can be absorbed by maize easily (Shoji et al. 1991) .
As compared to those in 2006, the nitrogen accumulated in grains and stover, N recovery efficiency, and soil N dependent rates in 2007 were higher.
Nitrogen fate of maize uptake, soil residual and loss. Table 2 showed that using CU can increase the total nitrogen absorption by aboveground organs and soil residual, but decrease the loss, which is same to the result reported by Shoji N uptakes with irrigation were a little lower than those treatments without irrigation, but the effects were not significant. Soil residuals were C2 > N2 > C1 > N1 > N0, no matter with or without irrigation. But there were no significant differences between C1 and N2 under irrigation. At the level of 75 kg N/ha, soil residual of treatments with irrigation were lower than those of treatments without irrigation. At the level of 150 kg N/ha, soil residual of treatments with irrigation were higher than those of treatments without irrigation, but there were no significant difference between with and without irrigation when using 150 kg N/ha of coated urea.
Without irrigation, the loss rates of NU at the level of 75 kg N/ha and 150 kg N/ha were 10.3% and 19.3%, while those of CU were 2.1% and 8.1%, respectively. With irrigation, the loss rates of NU at the level of 75 kg N/ha and 150 kg N/ha were 18.1% and 22.8%, while those of CU were 11.4% and 11.1%, respectively. The loss rates of CU and NU with irrigation were higher than those without irrigation.
Two-year results indicated that using CU could increase the nitrogen absorption of maize, decrease the loss of nitrate by soil water and irrigation, and then increase the nitrogen use efficiency. The slow release of CU can supply enough nitrogen for maize, especially after the silking stage, but the quickly soluble NU can be easy lost by water. ANG -accumulation amount of nitrogen in grain; ANS -accumulation amount of nitrogen in stover. Small letters show difference at 5% level. W0 and W1 stand for no irrigation during the whole growth stages and 85 mm irrigation through channels at the blister stage, respectively. N0 -no nitrogen used as control; N1 -normal urea 75 kg N/ha; N2 -normal urea 150 kg N/ha; C1 -coated urea 75 kg N/ha; C2 -coated urea 150 kg N/ha And the leaching of nitrate was closely related with soil water condition, and the profit or loss of soil nitrogen was change with the situation (Yuan and Wang 2000) . With irrigation or heavy rain, the removal of nitrogen in soil to deeper soil layer was increased (Sigunga et al. 2002) . When NU was used, the absorption and loss before the silking stage decreased the nitrogen availability of soil, which resulted in available N deficit, aggravated the contradiction between the supply and requirement of nitrogen. And the nitrate loss was closely related to nitrogen use efficiency and environment protection (Ju et al. 2006 ).
In conclusion, CU can make a synchronization of nitrogen release and maize absorption, shorten the time of nitrate remained in soil, so, decrease the risk of leaching. Although irrigation may increase the nitrogen loss risk before the silking stage, it could increase the nitrogen uptake by maize. So applied CU and irrigated 85 mm at the blister stage is benefit for increasing the N use efficiency of maize. Small letters show difference at 5% level. W0 -no irrigation during the whole growth stages; W1 -85 mm irrigation through channels at the blister stage; N0 -no nitrogen used as control; N1 -normal urea 75 kg N/ha; N2 -normal urea 150 kg N/ha; C1 -coated urea 75 kg N/ha; C2 -coated urea 150 kg N/ha
